BACKGROUND: Time-sensitive alerts are among the many types of clinical notifications delivered to physicians' secure InBaskets within commercial electronic health records (EHRs). A delayed alert review can impact patient safety and compromise care. OBJECTIVE: To characterize factors associated with opening of non-interruptive time-sensitive alerts delivered into primary care provider (PCP) InBaskets. DESIGN AND PARTICIPANTS: We analyzed data for 799 automated alerts. Alerts highlighted actionable medication concerns for older patients post-hospital discharge (2010)(2011). These were study-generated alerts sent 3 days post-discharge to InBaskets for 75 PCPs across a multisite healthcare system, and represent a subset of all urgent InBasket notifications. MAIN MEASURES: Using EHR access and audit logs to track alert opening, we performed bivariate and multivariate analyses calculating associations between patient characteristics, provider characteristics, contextual factors at the time of alert delivery (number of InBasket notifications, weekday), and alert opening within 24 h. KEY RESULTS: At the time of alert delivery, the PCPs had a median of 69 InBasket notifications and had received a median of 379.8 notifications (IQR 295.0, 492.0) over the prior 7 days. Of the 799 alerts, 47.1% were opened within 24 h. Patients with longer hospital stays (>4 days) were marginally more likely to have alerts opened (OR 1.48 [95% CI 1.00-2.19]). Alerts delivered to PCPs whose InBaskets had a higher number of notifications at the time of alert delivery were significantly less likely to be opened within 24 h (top quartile >157 notifications: OR 0.34 [95% CI 0.18-0.61]; reference bottom quartile ≤42). Alerts delivered on Saturdays were also less likely to be opened within 24 h . CONCLUSIONS: The number of total InBasket notifications and weekend delivery may impact the opening of time-sensitive EHR alerts. Further study is needed to support safe and effective approaches to care team management of InBasket notifications.
BACKGROUND: Time-sensitive alerts are among the many types of clinical notifications delivered to physicians' secure InBaskets within commercial electronic health records (EHRs). A delayed alert review can impact patient safety and compromise care. OBJECTIVE: To characterize factors associated with opening of non-interruptive time-sensitive alerts delivered into primary care provider (PCP) InBaskets. DESIGN AND PARTICIPANTS: We analyzed data for 799 automated alerts. Alerts highlighted actionable medication concerns for older patients post-hospital discharge (2010-2011). These were study-generated alerts sent 3 days post-discharge to InBaskets for 75 PCPs across a multisite healthcare system, and represent a subset of all urgent InBasket notifications. MAIN MEASURES: Using EHR access and audit logs to track alert opening, we performed bivariate and multivariate analyses calculating associations between patient characteristics, provider characteristics, contextual factors at the time of alert delivery (number of InBasket notifications, weekday), and alert opening within 24 h. KEY RESULTS: At the time of alert delivery, the PCPs had a median of 69 InBasket notifications and had received a median of 379.8 notifications (IQR 295.0, 492.0) over the prior 7 days. Of the 799 alerts, 47.1% were opened within 24 h. Patients with longer hospital stays (>4 days) were marginally more likely to have alerts opened (OR 1.48 [95% CI 1.00-2.19]). Alerts delivered to PCPs whose InBaskets had a higher number of notifications at the time of alert delivery were significantly less likely to be opened within 24 h (top quartile >157 notifications: OR 0.34 [95% CI 0.18-0.61]; reference bottom quartile ≤42). Alerts delivered on Saturdays were also less likely to be opened within 24 h (OR 0.18 [CI 0.08-0.39]). CONCLUSIONS: The number of total InBasket notifications and weekend delivery may impact the opening of time-sensitive EHR alerts. Further study is needed to support safe and effective approaches to care team management of InBasket notifications.
INTRODUCTION
Electronic health records (EHRs) are used by healthcare teams as a platform for communication. EHR notifications are delivered asynchronously to secure InBaskets (e.g., Epic's BInBasket,^GE Centricity's BDocuments,^Allscripts' BTask List^), and address a variety of clinical tasks including triage of urgent patient issues, care coordination, test result review, medication refill management, and direct patient communication via tethered patient portals. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] In the Veterans Health Administration (VHA), BView Alerts^fill a similar role and are used for some (though not all) of these tasks.
While the level of urgency varies, some of these EHR notifications convey time-sensitive information requiring prompt attention, 5, 7, [13] [14] [15] and a missed or delayed review can impact patient safety and compromise care. 7, 8, 12, 16 Previous studies have documented the burden associated with notifications (including View Alerts). [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] A nationwide survey of Veterans Health Administration (VHA) primary care providers (PCPs) found that more than two-thirds (69.6%) received more messages than they could effectively handle, and almost a third (29.8%) missed results that led to care delays. 17 These studies often focus on VHA systems; less is known about factors associated with timing of message opening outside VHA. Understanding factors associated with message viewing would inform efforts to improve the rate at which time-sensitive material receives prompt attention.
In a previous randomized controlled trial, 14 automated asynchronous notifications were delivered to PCP InBaskets and highlighted medication safety concerns and the need for followup post-hospitalization. Given the time-sensitive nature of these study-generated notifications, we refer to them as Balerts.^These alerts failed to improve outcomes among older patients. schedule timely post-hospital office visits or order recommended blood tests; rehospitalization rates were also unaffected. Our current study examines care team response to the medication safety alerts generated in that trial. We tracked timing of alert opening, with the goal of identifying patient, provider, and contextual factors associated with alert opening. Our analysis was informed by a physician focus group, assessing attitudes toward and experiences with EHR notifications, including these alerts.
METHODS

Study Design
We present results of a secondary data analysis of PCP opening of time-sensitive study-generated alerts for older patients following hospital discharge. The data were collected from the intervention arm of a prior randomized experiment. 14 The goal of the prior experiment was to increase rates of office visits following hospital discharge and reduce rates of undesirable patient outcomes (rehospitalization, adverse drug event) among an older population. At the time of hospital discharge, patients were randomized to the intervention (EHR alerts sent to the patients' PCP if medication concerns were identified) or usual follow-up care.
The institutional review boards at Reliant Medical Group and the University of Massachusetts Medical School approved this study, and waiver of consent was obtained.
Setting
This study was conducted at a large Massachusetts healthcare system with 217 multispecialty outpatient physicians at 15 sites throughout central Massachusetts. All sites used an EHR from Epic Systems Corporation.
Study Sample
Approximately 140,000 adults received primary care through this healthcare system; approximately 24,000 were 65 years of age or older and were members of a local health plan. Patients who were members of this health plan and who were discharged to home from the primary hospital used by the health system from August 26, 2010 to August 25, 2011 were included in the prior trial. We included in our analysis only patient discharges for which PCP alerts were triggered, totaling 799 patient discharges in the intervention group (corresponding to 713 patients).
EHR-Delivered Automated Care Transition Alerts
The processes of developing the automated EHR-based intervention and medication alert guidelines have been described previously. 18, 20 The inpatient facility to which the healthcare system admitted its patients used a different EHR than that used by the healthcare system. An interface engine was linked to the hospital's admission, discharge, transfer (ADT) registration system. The hospital transmitted information including discharge dates for the healthcare system's patients; these were automatically incorporated into the healthcare system's EHR (information on medication prescriptions was not transferred).
Informed by health plan data reflecting new prescriptions filled, alerts were then generated for patients who had (a) new drugs added upon hospital discharge and (b) a medication concern identified. Concerns included warnings about selected drug-drug interactions, recommendations for dose changes (e.g., change in digoxin dose due to rise in creatinine), need for laboratory monitoring for high-risk medications, and notification of new medications at discharge for which PCP awareness was clinically important. Alerts were designed to convey actionable time-sensitive concerns; all had the heading: B[Hospital Name] Discharge Alert.^Over the 4 months prior to implementation, two physicians from the healthcare system reviewed every alert generated, suggesting modifications to ensure that alerts would be perceived as necessary, useful, and brief. Upon implementation, alerts were automatically triggered on day 3 following hospital discharge and were sent to the Test Results Folder within PCP EHR InBaskets, arriving at 10:00 a.m. The reason for the 3-day delay was to allow information on newly filled prescriptions (from health plan data) to be captured, allowing new medications to be identified and alerts to be generated.
Dependent Variables
EHR audit logs have been used in previous studies to track viewing of documentation in the medical record by members of the care team. [21] [22] [23] We used audit and access logs to capture the time of alert opening. We calculated the percentage of alerts opened by PCPs within 24 h. We focus on 24 h for alert opening because this was an at-risk population (post-hospital discharge, aged ≥ 65 years) for whom new medication concerns had been identified that were deemed urgent (based on two-physician review during pre-implementation phase). We also performed a sensitivity analysis examining characteristics associated with 48-h opening. Since all alerts were delivered at 10:00 a.m. on the day of delivery, a 48-h window included standard weekday clinic hours for all alerts.
Independent Variables
We classified patients' age (65-74; 75-84; ≥85 years) and gender. We used administrative data to examine patient-level variables including number of office visits in the previous 12 months (≤6, 7-11; 12-18 or >18 visits) and comorbid medical conditions. We created a modified Charlson comorbidity index score for patients (categorized as 0, 1, 2, and 3+) using data on medical diagnoses and procedures in the year prior to admission to the hospital, 24 and gathered information on length of hospital stay by tertile (≤ 2, > 2 and ≤ 4, > 4).
PCP characteristics included in the analyses were age (< 50 vs. ≥ 50 years), gender, number of completed patient clinical encounters over the 1-year study period (expressed in quartiles), and specialty (internal medicine, family medicine, non-MD PCP such as nurse practitioner, and subspecialist acting as PCP).
Using data from audit logs and access logs, we identified the following variables and categorized each by quartile: total number of notifications (already opened notifications + unopened notifications) in the PCP's InBasket at the time of alert delivery; number of unopened notifications in the PCP's InBasket at the time of alert delivery; and number of notifications delivered to the PCPs InBasket in the 7 days prior to alert delivery. In addition, we analyzed the total number of notifications in the PCP's InBasket as a continuous variable. We compared alerts delivered on Saturdays to those delivered on all other days, because those arriving on Saturday were the only alerts for which 24-h post-delivery did not include any weekday time. For exploratory purposes, we also compared (a) alerts delivered on Fridays and (b) alerts delivered on Mondays to those delivered on all other days. We collectively refer to the above variables as contextual variables.
We also captured timing of log into the EHR (logged in at time of alert delivery or within the 24 h of delivery vs. not logged in); alert opening by (a) a physician who was not the PCP and (b) a staff member (opened within 24 h vs. not); and opening of a follow-up notification by PCP or other physician (opened within 24 h vs. not). Follow-up notifications are created by staff and contain a copy of the alert contents.
Statistical Analysis
Descriptive Analysis. We performed descriptive analyses, calculating basic frequencies and percentages for patient and PCP characteristics, and calculating frequencies, medians, and interquartile ranges for all contextual variables. We then calculated time to PCP opening of alerts, using survival curves measuring time (in days) from the date of alert delivery (day 3 post-hospital discharge) to 30 days post-alert delivery. Survival curves were stratified for independent variables that demonstrated a statistically significant association with message opening in the multivariate analysis described below.
In an exploratory analysis of workflow, we calculated frequencies and percentages of alerts opened by (a) the intended PCP and (b) another physician within 24 h. We also examined frequencies and percentages of alerts opened within 24 h by a staff member, and for these, we tracked frequency and percentage of cases in which follow-up notifications were opened by PCPs or covering physicians within 24 h of alert delivery. We were unable to capture surrogate assignment of InBasket coverage, and therefore could not estimate the percentage of alerts delivered on days when a covering clinician was assigned.
Bivariate Analyses -All PCPs. We used generalized estimating equations (GEE) with a logit link and a binomial distribution to estimate the bivariate association between PCP characteristics, patient characteristics, contextual variables, and opening of the alerts within 24 h. The GEE models account for clustering of measures within PCPs, since some PCPs received multiple alerts over the 1-year period. In order to check for the existence of a linear trend in association with 24-h opening, we also examined the bivariate association between total number of InBasket notifications (using this variable as a continuous measure) and alert opening within 24 h.
Multivariate Analyses (and Sensitivity Analyses) -All PCPs. We performed multivariate analyses using GEE equations as described above, studying the association between covariates of interest and PCP alert opening within 24 h. Covariates included in the multivariate models encompassed all PCP characteristics, patient characteristics, and contextual variables. All PCPs were included in this analysis. We performed a sensitivity analysis, studying the bivariate and multivariate associations between covariates of interest and PCP alert opening within 48 h.
Multivariate Analyses -PCPs Logged in at Time of Alert Delivery. We also constructed multivariate GEE models using the approach described above, but limiting our population to PCPs who were logged in at the time of alert delivery or who logged in within the following 24 h.
Analyses were carried out using the SAS package version 9.3 (SAS Institute, Cary, NC, USA) and STATA version 13.1 (StataCorp LP, College Station, Texas, USA).
Physician Focus Group. We conducted a single physician focus group intended to inform our research regarding factors influencing InBasket management. Email invitations were sent to 100 PCPs in the healthcare system, and five respondents were recruited. A one-hour session (audio recorded and professionally transcribed) addressed strategies for managing EHR InBaskets and factors influencing speed of notification opening including a discussion of the subject header for the alerts in this study. The transcript was reviewed for major themes by two authors (LB, SC).
RESULTS
Descriptive Analysis
The 75 PCPs received 799 automated alerts over the 1-year period. The median number of alerts per PCP over the entire 1-year period was nine, with an interquartile range (IQR) of 3-16.
To place these alerts in context, the median number of total notifications in PCP InBaskets at the time of alert delivery was 68.7 (IQR 41.3, 156.3). The median number of notifications arriving in PCP InBaskets during the 7 days prior to alert delivery was 379.8 (IQR 295.0, 492.0).
Characteristics of patients for whom alerts were triggered and PCPs to whom the alerts were sent are described in Table 1 . The distribution of alerts by PCP and patient characteristics and for contextual variables is shown in Table 2 . Overall, 47.1% (n = 376) of alerts were opened by the intended PCP within 24 h (Table 2) , 59.5% were opened within 48 h, and 77.2% were opened at the end of 30 days (not shown in table). Figure 1 shows the proportion of alerts opened by the PCP over the first 30 days post-alert delivery, stratified by (a) day of the week on which the alert was delivered and (b) total number of InBasket notifications (by quartile). Figure 2 shows workflow patterns of alert opening by healthcare team members including the PCP, covering clinicians and other staff. Accounting for these additional care team members did not change our findings substantially; in the first 24 h post-delivery, slightly more than half of alerts (52.7%) contained information that reached a physician, while 41.1% were unopened by either clinician or staff.
Bivariate Analyses -All PCPs
Accounting for clustering by PCP (Table 2) , there were no significant bivariate associations between alert opening at 24 h and either PCP characteristics or patient characteristics. Alerts delivered to PCPs with crowded InBaskets (i.e., for whom the total number of InBasket notifications was in the top quartile) were significantly less likely to be opened within 24 h than alerts delivered to PCPs with less crowded InBaskets (i.e., whose total number of InBasket notifications was in the bottom quartile). A similar pattern was seen with the number of unopened InBasket notifications. In the first 24 h post-delivery, alerts delivered on Saturdays were less likely to be opened (Table 2) , while alerts delivered on Mondays were more likely (OR 1.56, 95% CI 1.06-2.29). Analyses separating alerts delivered on Friday from all others showed no significant difference in opening within 24 h (OR 1.19, 95% CI 0.78-1.80). We did not detect a significant association between time of alert opening and number of notifications received in the prior 7 days. On analysis using total number of InBasket notifications as a continuous variable, we found that for each additional notification in a PCP InBasket, there was a small but statistically significant decrease in the likelihood of alert opening within 24 h (OR 0.50 (95% CI 0.50, 0.50).
Multivariate Analyses (and Sensitivity Analyses) -All PCPs
Multivariate analyses (Table 2) showed associations similar to those found on bivariate analysis; however, patients with the longest hospital stay (>4 days) were slightly more likely (OR 1.48, 95% CI 1.00-2.19) to have alerts opened within 24 h. There was no longer a significant association between 24-h alert opening and number of unopened messages in the InBasket at alert delivery.
In our sensitivity analysis, bivariate and multivariate analyses of alert opening within 48 h showed similar associations, with two minor differences. Hospital stays greater than 4 days showed no significant association (OR 1.07, 95% CI 0.73-1.56; reference group is length of stay ≤2 days). PCPs whose number of patient encounters (for the study year) fell into the top quartile were more likely (OR 3.29, 95% CI 1.01-10.75) to open alerts within 48 h than those with the fewest number of patient encounters.
Multivariate Analyses -PCPs Logged in at Time of Alert Delivery
For alerts sent to PCPs who were logged in at the time of or within 24 h of alert delivery (Table 3) , 375 (59.5%) were opened within 24 h, and the day of the week on which alerts were delivered was no longer significant. Alerts sent for patients aged 75-84 were significantly less likely to be opened than alerts for patients under 75. Patients with a Charlson comorbidity score of 1 were significantly more likely to have their alerts opened than those with a score of zero, but there was no apparent trend by comorbidity score. *Crude odds ratios account for clustering by PCP, using a GEE model † Adjusted odds ratios account for clustering by PCP using a GEE model and control for PCP characteristics, patient characteristics and contextual factors sends me a message…my case manager sends me a message the patient needs to be seen in 7 days. So I am bombarded with that one discharge by five different ways Themes that emerged from the general discussion about InBasket notifications included receipt of redundant and un-actionable information (B60% of them do not need to come to Primary Care^) and the need for better prioritization. The categories Baddendum^and Bcc^were cited as containing numerous low-priority items; anxiety over associated risks was discussed: B… you might get that 117th 'cc' and God forbid it's one of those ones that has to be done because it was a missed mammogram,^and Byou get the same thing being done or replicated by so many different places … there's so much data that you can make mistakes.T hemes identified included burden of InBasket notifications (Bit takes your whole life over,^BI am constantly on a treadmill.^). Physicians discussed the number of notifications (BToo full. Too many messages^) and the necessity of reviewing notifications after hours, including evenings (BSo you go home and do it at night sometimes because you can't 
DISCUSSION
In this study of time-sensitive alerts sent to PCP EHR InBaskets, more than half of the alerts remained unopened by the PCP at 24 h, more than one-third were still unopened after 48 h, and more than one-fifth remained unopened at 30 days. Of those opened at 48 h, 79.2% were opened within the first 24, supporting our focus on characteristics associated with 24-h opening. With the exception of a marginally significant association for those patients with the longest hospital stay, patient characteristics were not associated with likelihood of alert opening at 24 h. Alerts triggered by our most complex patients and by our oldest patients were no more likely to experience prompt review than were those for less complex and younger patients.
PCP characteristics were not significantly associated with timeliness of alert opening. In previous studies, physician characteristics associated with alert opening included trainee status, familiarity with the use of EHR filters, and clarity regarding coverage roles. 7, 16 All PCPs in our study had completed training; our commercial EHR (in contrast to the VHA system) does not allow healthcare teams to adjust InBasket filters, and few alerts were reviewed by covering clinicians.
Perhaps our most important finding relates to contextual factors. PCPs with more notifications in the InBasket at the time of alert delivery were less likely to complete alert opening within 24 h, even if logged in during that period. This relationship was significant when measuring total InBasket notifications (opened + unopened) both as a continuous and as a categorical variable. As highlighted by Murphy et al., 4 a single notification often contains multiple data points. Items in a PCP InBasket may demand significant cognitive effort to appropriately process 2 and may also require input and care coordination efforts from other care team members. Management techniques that involve rapid opening and scanning of InBasket contents, with eventual task completion, may be used by PCPs in an attempt to avoid missing urgent information. However, larger numbers of total InBasket notifications were associated with delayed review of urgent alerts, suggesting that this strategy alone may not be sufficient. We did not demonstrate a significant association between number of unopened notifications and alert opening within 24 h. Perceived work burden may be disproportionately influenced by opened notifications that have not yet been completely processed (still competing for attention) compared to unopened notifications. Alternatively, high volumes of opened (but not processed) notifications may be a marker for PCP behavior (e.g., greater time spent thinking through each notification) associated with delays in opening.
Physicians already spend a disproportionate amount of time attending to the EHR; for every hour of direct clinical face time spent in an ambulatory setting, almost 2 clinician hours are spent on EHR tasks. 25 Efforts to promote timely review of urgent notifications must therefore include system-level changes, not just feedback or punitive measures for clinicians. Guidelines have recently been issued for notification management within the VHA, 26 but to date no comprehensive guidelines exist for commercial EHRs. Particularly in the VHA, where some filters and management tools are available, larger total numbers of InBasket notifications (in comparison to peers with similar panels) could indicate less effective use of available management functions. Targets for improvement relevant for both VHA and non-VHA settings include physician and staff training to improve familiarity with any available EHR InBasket management tools or strategies. Informed by our focus group findings, we would suggest that modification of notification triage policies (e.g., increasing use of staff to offload PCPs), reduction in the creation of redundant or unactionable messages, and improved labeling of high-priority notifications are other recommended approaches. 26, 27 Systems could also be developed that highlight or escalate unopened alerts after a designated period, converting them to an interruptive mode or escalating to supervisors.
Previous studies indicate that characteristics of alerts may influence timely opening. These include whether they are sent to one person or many 7 and whether they address a known vs. new diagnosis. 8 The type of report 7 and the manner in which the alert appears in the InBasket are also influential. 7 Institution-wide or clinic-specific policies on InBasket management are other potential factors. 16 Our study of 24-h opening by covering clinicians and staff (Fig. 2) showed that alerts intercepted by staff or coverage did not substantially alter overall patterns of alert opening. In our study, alerts contained time-sensitive material and were designed by study team members (practicing physicians in the healthcare system) to be delivered to a high-priority InBasket folder; however, focus group findings support the possibility that subject headings (uniformly referencing hospital discharge) may not have been interpreted as urgent by receiving PCPs, who (in this medical practice) receive updates on patient discharges through a number of channels.
We found that PCPs receiving alerts on a Saturday had a lower likelihood of opening within 24 h. While this is not surprising, we were concerned to find that it took approximately 3 days for the proportion of Saturday-delivered opened alerts to catch up with the proportion of opened alerts delivered on all other days. This finding should prompt careful consideration on the part of both clinical and research teams seeking to send urgent communications over the weekend.
Our study was innovative in its use of EHR audit logs to gain insight into daily processes of care. Designed to monitor user action within the EHR, logs offer a rich source of information on healthcare team behavior. Review of audit logs provides information on clinician behavior and on interactions between team members. 22, 28 Previous studies have used audit logs to describe physician and care team behaviors including medical information queries, [29] [30] [31] team communication, 32 viewing of EHR notes, 23 response to *A total of 630 alerts were delivered to the InBaskets of PCPs who were logged into the EHR at the time of alert delivery or within 24 h of delivery; of these, 375 were opened within 24 h of delivery † Adjusted odds ratios account for clustering by PCP using a GEE model and control for PCP characteristics, patient characteristics and contextual factors clinical decision support tools, 33 and patient interactions through tethered portals. 34 This study has several limitations. The extent to which our results are generalizable to other health systems is hard to estimate. However, it was conducted in a healthcare setting that uses Epic, an EHR in widespread use across the United States. We may not have captured all relevant variables that explain alert opening, which may lead to residual confounding. While our study does describe alert opening, we are unable to determine whether alerts were actually read.
We conclude that the number of total InBasket notifications and weekend delivery may impact opening of time-sensitive EHR alerts. In a high-risk older population, time-sensitive alerts were not being opened within 24 h, possibly because physicians were simply overwhelmed with high numbers of InBasket notifications. Further study is needed to support safe and effective approaches for care team management of InBasket notifications.
